Male and female fetal rats were gonadectomized in utero on the 20th day of gestation. Two days after the operation, the pituitaries were observed histologically in order to examine the changes of the population of basophilic cells. The gonadectomy of a male fetus caused a significant increase in the per cent of basophilic cells, whereas that of a female fetus induced no significant change. Since the increase in the relative number of basophilic cells following gonadectomy has already been accepted to be intimately related to the increased production of gonadotrophic hormones, the present results strongly suggest that the feedback mechanism between the pituitary and the gonad is already operated before birth in males but not in females. There is a definite sex difference in development of the pituitary-gonadal axis during the fetal life.
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The development of the testis is quite different in velocity from that of the ovary. The contribution of the fetal testis to the prenatal differentiation of the male genital tract has been well established since Jost demonstrated, in fetal rabbits, several lines of evidence that the fetal testis plays an important role both in the development of the Wollfian duct and in the degeneration of the Miillerian duct (Jost, 1947; Wells, 1946-b; Wells and Fralick, 1951) . This has been also supported by clinical observations of agonadal persons showing the female phenotype (Wilkins and Fleischmann, 1944; Grumbach et al., 1955) .
In contrast, the fetal ovary seems rather quiescent in hormonal activity. Female fetal rabbits castrated on the 21st day of gestation and studied on the 28th day show almost normal development of the Miillerian derivatives, urogenital sinus and external genitalia (Jost, 1947) . Female fetal mice irradiated by X-ray on the 13th day of gestation and studied shortly before birth acquire likewise the normal female characteristics (Raynaud and Frilley, 1947; Raynaud, 1950) .
The commencement of gonadotrophic functioning of the pituitary in males during the fetal stages has been suggested by some investigators. Hypophysectomy of a male rabbit of rat fetus by decapitation resulted in a definite shrinkage of testicular interstitial cells (Jost, 1951; Eguchi and Morikawa, 1968) . Bilateral castration of a fetal rat induced a significant increase in the per cent of pituitary basophilic cells in which the protein synthesis was accerelated significantly (Nakai et al., 1972) . However, little information is available regarding the reciprocal relation between the pituitary and the ovary before birth. The present study was designed to detect any sex difference in development of the pituitarygonadal axis by the histologic observation on the quantitative changes of pituitary baso-philic cells following gonadectomy of the fetal rats in utero.
Materials and Methods
Rats of the Wistar strain were used. They were given a standard laboratory chow and water in an air-conditioned room. They were mated overnight and the day when sperm was found in the vaginal smear was counted as the first day of gestation. On the 20th day of gestation, pregnant females were subjected, under ether anesthesia, to a midventral laparotomy. Bilateral orchidectomy of a male fetus was performed by the application of the method for unilateral castration . The essential of the method was as follows. A loop of thread was stitched on the uterine wall around the approximate site of the hip of a male fetus. Through an incision within this loop of thread, the tail and hind-limbs were exposed, and both testes were removed through tiny incisions of both inguinal regions. After the removal, the exposed tail and hind-limbs were returned to the uterus and the uterine incision was closed with sutures. Bilateral ovariectomy of a female fetus was performed as follows. The approximate site of an ovary of a fetus was viewed through the translucent uterine wall. At this site, the fetal skin was exposed by tiny incisions in the uterine wall and fetal membranes. The ovary was removed en bloc through a small opening of the latero-lumbar region of the fetus with jeweler's forceps. As the loss of blood was so slight as to be negligible, no ligation was needed. The peritoneal cavity was closed with sutures. The other ovary was likewise extirpated, and the uterine incision was closed. Two days after the operation, the mothers were killed by decapitation, and the operated fetuses and intact control fetuses were removed from the uterus. In each experimental group, 6 fetuses were used. The pituitary gland was removed with the sphenoid bone, decalcification), embedded in paraffin and sectioned frontally in perfect series at 5 ,a. The sections were stained with McManus PAS reagent, hematoxylin and eosin. For the comparison of relative number of PAS-positive cells, the largest one of serial sections of the gland was used. A differential count of anterior pituitary cells was made on the section according to the method described by Hwang and Wells (1959) . All the epithelial cells on the section were counted and the per cent of PAS-positive (basophilic) cells was calculated from the ratio of their number against the total number of epithelial cells counted.
Results
The quantitative results of the experiments are summarized in Table 1 .
The relative number of PAS-positive basophilic cells of fetal rats is rather smaller than that of postnatal rats (Purves, 1961) as is recorded in the present paper (6.5% in male fetuses and 6.8% in female fetuses). The basophilic cells were scattered singly or infrequently in cluster.
Bilateral castration of male fetuses elevated significantly the per cent of basophilic cells, some of which appeared somewhat enlarged, though the so-called `signet ring' cells were not observed (cf. Fig. 1 and Fig. 2) . When a stained section of the anterior pituitary of a castrated male fetus was simultaneously compared with that of a littermate control male fetus at equal magnification and equal illumination with the aid of a microcomparator placed over the oculars of two microscopes, some of the basophilic cells of the castrate showed an increase in the content of granules which form coarse, darkly stained clumps. PAS stain was not specific to identify the gonadotroph, but the particular enlargement and higher population of the basophils follow- In the present experiments, bilateral gonadectomy of a male fetal rat elevated significantly the per cent of basophilic cells in the fetal pituitary. This would give a new line of evidence for the reciprocal relation between the pituitary and the testis before birth in the rat, in view of the studies by several workers who reported that the increase in the relative number of basophilic cells following castration was intimately related to the increased production of gonadotrophic hormones (Zeckwer, 1937; Guyer and Claus, 1937; Purves, 1961) . Also in our previous study, fetal castration caused an elevation of the uptake of 3H-leucine in basophilic cells of the fetal pituitary, suggesting the increase of their protein synthesis (Nakai et al., 1972) . Furthermore, fetal castration elevated the uptake of 3H -leucine in nerve cells of the arcuate nuclei of the fetal hypothalamus, suggesting that the hypothalamic control of the fetal pituitarytesticular axis already exists before birth (Nakai et al., 1971) .
The significant increase of the per cent of basophilic cells only 2 days after the castration of a male fetus may be surprising seemingly in the light of the fact that in the adult rat the increase needs an experimental period as long as at least 2 weeks following castration. However, whithin these 2 days, the body weight of a fetus is doubled and the volume of the fetal anterior pituitary increases about 20% in a normal state (Eguchi and Morikawa, 1967) . Similarly, the total volume of Leydig cells in the fetal testis is also doubled within 2 days . Therefore, the duration of 2 days in the absence of stimulatory or inhibitory hormones in a fetal rat seems long enough to induce significant effects on the target gland which is growing rapidly. This seems a characteristic of endocrine interrelations among glands in late fetal days in the rat. For instance, adrenalectomy of a fetal rat increased 2 days later the volume of the fetal hypophysis (Coetzee and Wells, 1957; Eguchi and Morikawa, 1967) : fetal thyroidectomy elevated 2 days later the per cent of basophilic cells in the fetal anterior pituitary (Hwang and Wells, 1959; Eguchi and Morikawa, 1967) : hypertrophy of fetal adrenals after maternal adrenalectomy occurred within 2 days (Cohen, 1965; Morikawa et al., 1968) and even within 1 day (Kashiyama, 1958) . Also, in our previous study, castration of a fetal male rat elevated the per cent of basophilic cells of the fetal pituitary within 1 day (Nakai et al., 1972) .
The present observations suggesting that gonadotrophins are secreted from the pituitary gonadotrophs during the late fetal life in male rats are in line with the following reports. Yoshimura et al.(1970) , in their cytogenetical study of the anterior pituitary in fetal rats, found that gonadotrophs in males developed considerably well and contained many expanded vesicles and granules during the late pregnancy irrespective of the immature type of gonadotrophs in the equivalent embryos of the females. Hitzman (1962) , Niemi and Ikonen (1963) , and Baillie and Griffiths (1964) and Yoshimura et al.(1970) reported that, concurrently with the appearance of gonadotrophs, Leydig cells were proliferated with the marked accumulation of intracellular specific enzymes. Hypophysectomy by decapitation caused in a male fetus a retardation of the testicular growth and a fall of collective volume of Leydig cells (Jost, 1951; Eguchi and Morikawa, 1968) . Unilateral castration also induced an enlargement of the remaining testis .
On the other hand, in female fetuses, gonadotrophs do not seem to achieve full maturation. In the present study, bilateral gonadectomy of a female fetus did not cause any significant change in the per cent of pituitary basophilic cells. This finding really agrees with the observations of Yoshimura et al.(1970) who pointed out that electron microscopically gonadotrophs in females are delayed in development of their original fine structure as compared to those in males. Neither fetal decapitation nor injection of a gonadotrophin to a fetus was known to cause any significant change in the fetal rat ovary both in structure and in volume (Wells, 1946a; Eguchi and Morikawa, 1968) . In an experiment of extrauterine parabiosis of a decapitated male and an intact female fetal rat, it was shown that the testis in the male parabiont failed to gain weight although the adrenal grew normally, suggesting that the pituitary of the female fetus has no gonadostimulating activity . In addition, ovarian primary follicles do not grow to the next step throughout the fetal life until two days after birth (Yoshimura et al., 1970) .
In conclusion, it seems that there is a definite sex difference in development of the pituitary-gonadal axis of fetal rats. The male pituitary gonadotrophs may begin their secretory function before birth and subsequently the testis may be stimulated by their secretions, whereas the female pituitary gonadotrophs may remain quiescent in hormonal activity during the fetal life and therefore the ovary, in turn, is thought to work far less actively than the testis does.
